The debate over changing ideals of beauty in Western society remains unresolved more than 20 years after Singh's (1993) seminal study [1] suggesting there was a universal male preference for a female body shape with a low waist to hip ratio (circa 0.7), which relates to maximum fecundity. Subsequent research has supported this universal preference while other studies have found that male preferences may be context dependent and capable of calibrating in response to the specific selection pressures of differing socio-ecologies. The current paper aims to help resolve this uncertainty with an analysis of body measurements of female models who were Playboy centrefolds from 1953-2014. Height is shown to increase significantly over time (beyond a level that could be attributed to a positive secular trend). Along with a significant increase in waist to hip ratio (WHR) (i.e. more tubular) and a significant decrease in Body Mass Index (BMI), these results represent a shift in male preferences away from signals of maximum fecundity, and towards a more androgenic female body shape. Contemporary research indicates that increasing height in women is positively associated with career orientation and negatively with reproduction ambition, thus the change in Western male preferences may be interpreted as an adaptive response to ecological conditions where a smaller family size and greater involvement of female partners in resource acquisition is adaptive.
Introduction
Extensive cross cultural evolutionary behavioural science research indicates that males and females differ in * Corresponding author.
their criteria for selecting a potential mate. Females tend to place a higher importance on resource acquisition potential in a prospective partner, while males prefer traits that signal high reproductive capacity [2] . These preferences are thought to be adaptive and related to maximising reproductive success, with males favouring traits such as low waist to hip ratio (WHR) and moderate body mass index (BMI), both which have been found to be markers of health, youth and fecundity [3]- [5] . Women with low WHRs (≲0.7) have more regular menstrual [6] and ovulation [7] cycles, are more fecund as signalled by higher levels of the fertility hormones 17-β-oestradiol and progesterone [3] , have better changes of conceiving via both artificial insemination [4] and in vitro embryo fertilization transfer [8] , and show improved fetal brain development in pregnancy [9] . Higher WHRs are associated with higher testosterone and cortisol and lower estrogen levels [10] [11] . WHR is also strongly associated with general health; with high ratios associated with increased susceptibility to heart, gallbladder and kidney diseases, stroke, various forms of cancer [12] - [14] , diabetes [15] and early mortality [16] . Female BMI (weight in kg/height in m 2 ) of approximately 18 -21 has been shown to be favoured by males [5] and is also associated with improved fecundity [17] , health and mortality [18] .
Due to these health and fertility benefits associated with a low WHR and moderate BMI in women, it is not surprising (from an evolutionary perspective) that men tend to exhibit a preference for this female body type (often referred to as an "hourglass" shape) [19] . Although a preference for the "hourglass" archetype has been shown to be relatively consistent across different cultures, nevertheless, small but significant differences in male preferences have been revealed [20] - [30] . It has been postulated that male preference is moulded by selection pressures to be conditional; and that preference is capable of calibrating to local socio-ecological conditions and their associated selection pressures [31] - [34] . In environments with a pressure for maximal fertility, a lower WHR and thus maximum fecundity may be favoured. However, in environments of resource scarcity, such as that inhabited by the Zulu foragers of South Africa, plumpness and a high BMI are preferred by males and these traits are also related to improved health and fertility. Also, it has been hypothesized that in societies where there are fitness advantages for females to be more engaged in resource competition, such as the Hadza and Shiwiar foragers and the modern Western society, there may emerge a selection pressure to favour the higher WHR of more androgenic females and their associated traits of increased competitiveness and assertiveness [33] [34] .
Western society has seen significantly more females involved in resource competition over the last 60 years. Fifty-seven percent of females participated in the labour force in the US in 2012 compared to only 32% in 1948 [35] . Forty percent of US households had a female breadwinner in 2011 compared to only 11% in 1960 [36] . The increased educational costs of raising children who are capable of successfully competing in the modern Western workforce [37] has resulted in fitness advantages of dual parent incomes and smaller family size where parental investment can be more strongly concentrated on fewer children [38] . Thus fertility has been traded off for increased investment in fewer offspring and this adaptation is to a large part reliant on both parents being involved in resource acquisition (i.e. dual income households). With the greater involvement of females in resource competition, it begs the questions: has there been an accompanying shift in male preference for a more androgenic female body type that signals a greater capacity for resource acquisition?
Although research has previously looked at whether men's preferences for female body shape have changed during this time period, results to date have been conflicting. The seminal study analysed WHRs of US Playboy playmates and Miss America winners between the years 1959 and 1990 and found that males remained consistent in their preference for a WHR ratio of 0.7 [1] . A subsequent study focusing on US playmates from 1978 to 1998 also found that WHR and BMI preferences remained constant over time [39] . However, research has also shown that British fashion models over the period 1967 to 1987 showed a trend towards a more "tubular" or androgenic body shape [40] and there is also evidence that male preferences for US playmates and Miss America winners have changed to favour a higher WHR and more androgenic body shape [41] - [44] .
The present study aims to resolve whether there has been a change in male preferences towards a more androgenic female body in Western society, as might be predicted by Cashdan's androgen/estrogen trade off hypothesis [33] . This study will look at US playmate centrefolds between December 1953 and December 2014, but unlike the seminal Singh study [1] , the complete database will be utilised and a longer historical time period will be analysed. As well as looking at WHR and BMI, this study will also analyse height data. Research clearly shows that height is significantly influenced by androgens; their growth promoting effect on bones from puberty onwards explains why adult males are taller than adult females across cultures [45] - [47] . Therefore it is not surprising that taller females tend to possess more stereotypically masculine personality traits. For example, taller females (of reproductive age) have been found to desire fewer children, and put greater importance on having a career and also tend to be more competitive in their careers than shorter women [48] . Similarly, post reproductive aged taller females have been found to have fewer children and are more career orientated [48] . If there has been a shift in preference towards a female body type that signals greater capacity for resource acquisition then one would expect to see playmates getting taller over time as well as showing a higher WHR.
Methods
Anthropometric data on the 725 US Playboy centrefolds from December 1953 to December 2014 (age range: 17 -33 years old, mean = 22, SD = 2) was collected using the official US Playboy Playmate database (www.playboy.com). Weight, height, waist circumference and hip circumference measurements for each centrefold model were collated from the database. Complete data was not available for each of the 725 centrefolds (e.g. height data, n = 691). Composite measures were then calculated from this data: Waist to Hip Ratio (WHR), and Body Mass Index (BMI) (weight in kg/height in m 2 ). Height, BMI, and WHR measures were correlated against time (magazine issue numbers) with Pearson's r correlation tests using SPSS v 22.0.
Bust to Waist ratio has not been analysed in the current study, as the data available on the playmates contains inconsistent bust measurements. Many of the playmates stats are listed as overall bust measurement (i.e. traditional tape measure circumference around body at the nipple line), while others are listed as bra size measurement (i.e. rib cage circumference plus cup size). Although bra size measurements could be converted relatively accurately to overall bust measurement, the stats with only the bust measurement cannot be converted back to bra size. Bra size would be the most valid measurement for a femininity metric as it a measure of breast size, whereas the bust measurement alone cannot give details of breast size (as the circumference measurement can consist of varying measures of back width, breast bone, and muscle, along with breast tissue size). This is a limitation of previous studies that have not considered this confound in their use of bust measurement as a femininity metric.
As there has been a secular positive trend in height in general over time that is largely attributable to improved nutrition [49] , it is important to not only correlate height with time, but to analyse whether there had been an increase in height of centrefolds that was significantly greater that the population secular trend. 
Results

WHR
Discussion
The current study's analysis of anthropometric data of US Playmate centrefolds from 1953-2014 revealed significant shifts in body measurements over time. BMI significantly decreased over time, height significantly increased (at a level significantly greater than the secular trend for increasing height), and WHR increased significantly. WHR preference shifted away from maximum fecundity and towards a more tubular androgenic form, BMI moved towards the lower end of the optimal fecundity range, and the increase in height also showed a shift in preference towards a more androgenic body type.
The results of the study clearly demonstrate a shift in preference away from a body type that signals maximum fecundity and towards a type that signals a higher androgen profile and increased capability in resource competition. The results support the hypothesis that mate preferences can be context dependent and calibrates towards traits that confer a fitness advantage in a particular socio-ecology [31] . This current study results of a significant shift in male preferences may represent an adaptive strategy where maximum fecundity is being traded off for resource acquisition capability (in line with Cashdan's [33] androgen/estrogen trade-off hypothesis) in response to a socio-economic environment that necessitates dual-parent incomes and smaller family size (e.g. [38] ). This explanation for the striking shift in preference for taller females is supported by research showing that taller females rate themselves as more competitive at work, and place greater importance on having a career, whilst also rating themselves as less "broody" and desiring fewer children than shorter females (e.g. [48] ), and that these personality traits are related to underlying testosterone levels (e.g. in women [50] ; and in men [51] ) and underlying oestrogen levels in women [52] . Men also rate taller women as more ambitious and assertive but less nurturing and "homely" than shorter women [53] . Comparable supporting evidence is also available for explaining the shift in male preference towards a higher WHR; as women with higher androgenic profiles display personality characteristics which favour success in resource competition [33] .
A limitation of the current and previous studies might be that the US Playboy centrefold models are assumed to represent typical male preferences for female body types across the 60 year time period. Future studies could seek to corroborate this demonstrated male preference shift by using different available US model datasets across the same time period, and also across other countries that share the similar Western culture (e.g. UK and European countries).
The current study demonstrates a systematic and significant shift over 60 years in US male preferences for female body type; as manifested by US Playboy centrefold models, towards a more androgenic body type which signals greater resource competitiveness and reduced reproductive ambition. This may represent an adaptive response to a changing socio-economic environment which necessitates smaller family size and dual-parent income.
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